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1. Introduction

2. Method (Cont.)

4. Discussion

At the critical point of a solution, changes in
the reaction rate of a reaction can occur. The main patterns that Yeong
Woo Kim1 has observed are oscillations and slowing down. For the
oscillations, both critical point speeding up and critical point slowing
down occurred towards the critical point. A more common occurrence
is critical point slowing down, were the kinetics of a reaction drop
exponentially as the solution approaches the critical point.

A 100 mL graduated cylinder without the base was placed in the
bath and secured. For the critical mixture, 39 grams of isobutyric acid and water was added to
the reaction vessel. A stir bar would then be added and this would be stoppered and allowed to
set until the temperature was brought to equilibrium with the bath. The stock solution of
KMNO4 was also placed in the water so that it would be the same temperature as the IBA and
water. The conductivity meter was added and 1 mL of permanganate solution was added to
bring the concentration of IBA down to 38.8%. The mL of permanganate was added by
different pipets because of the decomposition of permanganate that was not removed in time.

From the graphs, it is apparent that the initial drop looks like error and
does not match the rest of the data. This may be because of the method
that the permanganate was added. Again, measurements also included
around a 20 second period of the conductivity rising. This was not
recorded because it was assumed to be the mixing of the permanganate
and isobutyric acid solution, and not valid for the experiment. The data
recording began after conductivity reached a peak.

The reaction of formic acid and permanganate
in acid to produce CO2, H2O, and MnO2 was attempted in isobutyric
acid and water to find evidence of a critical point effect. A calibration
curve was attempted to be prepared by recording the solution’s
absorption by UV/Vis. However, when KMnO4 was added to IBA and
water, the color faded. More KMnO4 was added, which also faded. This
process was continued until a noticeable brown precipitate was formed,
which settled at the phase boundary of IBA and water after leaving the
solution at room temperature.
For a demonstration, the permanganate was
added to room temperature isobutyric acid and water; however, the
solution never faded. The permanganate stayed in solution for about 15
minutes. The flask was then held by hand and the purple color quickly
faded, so it was taken to believe that the permanganate was at its
critical temperature and exhibited an effect of critical point slowing
down, and by holding it, it was assumed that the temperature was
increased outside of the critical region, which allowed the
permanganate and isobutyric acid to react. It was tested to see how
much of potassium permanganate the IBA could react with by a
titration, but once the solution turned brown, it was decided that the
reaction ran enough that the progress could be detected at that
concentration.

The reaction data would run by showing a jump in conductivity
when the KMnO4 was added, followed by a decrease in conductivity. The data was plotted in
Powell Plots, but most of the data had maximum correlations that corresponded to order 1.5.
Due to an experimentation error, the first sets of data had to be scrapped, and the data near the
critical point was gathered. The higher temperature data to find the reaction constants for the
traditional Arrhenius plot was then gathered. The reaction was stopped once there was a phase
boundary in the solution.

The slope of the Guggenheim plots was taken as the reaction rate
coefficient. These were organized into an Arrhenius plot which is
shown in Figure 2. Data was attempted to be collected to fill in the
data skip from 29.9 to 31.3, but the data pattern of rising, falling,
slowing the fall or rising slightly, falling again, and slowing again
could not be reproduced. The meter would not even read while in the
water and when it was attempted to place the meter in the water
shortly after the reaction started, it did not give the data pattern that
was expected. It had been about a month before the previous data had
been used. The meter may have been improperly stored during this
time as it was stored without solution.

3. Results
With this data, a small problem became much more
apparent. In the lower temperature data, the conductivity initially rose as the solution
was mixed. Because this was not important or reproducible in this experiment, it was
not recorded, and only after conductivity reached a maximum was it recorded. After
this, conductivity dropped quickly on the order of 100 μS over 5 seconds, 50 over the
next 5, and 15 over the next 5. It then would increase the rate at which conductivity
drops. At higher temperatures, the effect is even more drastic. This would be the
typical run, but a few extreme runs occurred. An extreme example of this is shown in
Figure 1, but when graphed as shown, it was found to represent a reasonable curve
with error as the maximum point.

2. Method
This reaction is much, much faster than the formic acid experiment that
would have been done, so this reaction could not be sidestepped to do
the formic acid experiment; instead, the KMnO4 experiment was
performed. Fisher Scientific potassium permanganate was used (lot
number 936823) and Acros Organics isobutyric acid was used (lot
number A0204646). These reactants were used as received and no
further purification was performed. The water was once distilled.
The reaction would be monitored by
conductivity. A water bath with a heater attached to a temperature
dependent regulator was used with a stirring motor to maintain
temperature to .1o C. The thermometer used was a Traceable® Digital
Thermometer calibrated on 3/6/12 by Traceable® Technician 68. It has
an accuracy of +/-.05oC. A stock solution of .004 g KMnO4/ 1 g
solution was made by adding KMnO4 to a 50mL flask that had been
tared on an analytical balance (American Scientific Products’ electronic
balance, catalog number B1240), and adding distilled water to the flask
until the corresponding grams of solution was being read by the balance
(+/- .01 g).

Again, this is not a case of critical point
slowing down which is typically expected, or even as was predicted
from the preliminary tests, but it seems as if the reaction is actually
speeding up in this case. Another example of critical point speeding up
is through the critical point oscillations from Yeong Woo Kim’s data,
but this is not oscillating as much as truly reacting faster as it
approaches the critical point .

Acknowledgments
This research was funded by the RCEU program with funds provided the the Presidents/Provosts
office, funds provided by the Vice President for Research, funds provided by the Chemistry
Department through their patent account, and external funding from the Alabama Space Grant
Consortium
Also, thank you to Dr. Baird and Josh Lang as well as the rest of the research group.

References
1. Y. W. Kim. Chemical Kinetics at the Critical Point of Solution. Huntsville,
Alabama. 2000.
2. Josh Lang, Dr. J. Baird. Private Conversation. Summer 2012.

